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© Long Indwelling double bore catheter. 

© A long indwelling double bore catheter (10) for dilution 
and sampling of blood on a continuing basis capable of 
being used for long perioda of time. The long Indwelling 
double bore catheter has a small mixing chamber (20) with 
an opening of a cross-sectional area (34) equal to or lass than 
the combined cross-sectional areas of the double bores, said 
opening communicating with the body fluid, e.g., blood, to 
be sampled, and wherein the distance of the mixing chamber 



from the distal end of the double bores to the end of the 
catheter is equal to or greater then 2 millimeters. Preferably, 
the volume of the mixing chamber is between about 3 and 
about 9 x 10" 5 cubic inches. Preferably, the opening which 
communicates with the body fluid is a noncircular elongated 
opening (22) which is equal to or less than twice the 
combined cross-sectional areas of the double bores. 
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LONG INDWELLING DOUBLE BORE CATHETER 

Background Of The Invention 
Field Of The Invention 

, .... r-The present invention relates to catheter devices 
5 for continuous analysis of body fluids and, in parti- 
cular, relates to a long indwelling double bore cathe- 
ter which may be inserted into a fluid carrying member 
of a living being for long periods of time to provide 
a continuous fluid flow for analysis. 

10 Description Of The Prior Art 

In hospital and clinical establishments, as well 
as in research facilities, it is frequently necessary 
to slowly withdraw blood samples from a human patient 
or an experimental animal over an extended period of 

15 time, analyze the blood and, in some cases, return the 
blood to the patient or animal. This is conveniently 
accomplished by inserting a flexible tube cannula into 
a blood vessel, such as a vein or an artery, of the 
patient or animal and withdrawing blood as desired 

20 from the cannula. In order to prevent blood coagula- 
tion in the cannula or in associated tubing for con- 
ducting the blood sample from the cannula, it is usual 
practice to mix an anticoagulant material, such as 
heparin, with blood sample as soon as possible after 

25 it is withdrawn from the blood vessel. For this pur- 
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pose, a double lumen cannula apparatus has been used 
for many years. In this double lumen apparatus a 
small diameter tube is inserted within the usual 
cannula sheath. The passage through this small • 

5 diameter tube forms one lumen, and the annular space 
around the outer wall surface of the inner tube and 
the inner wall surface of the cannula sheath forms the 
other lumen. The inner tube terminates within the 
cannula sheath a short distance from the tip of the 
10 cannula sheath. In use, the anticoagulant material 

passes through the annular lumen toward the tip of the 
cannula sheath where it contacts and mixes with the 
blood entering the cannula from the blood vessel. The 
mixture of blood and anticoagulant material then flows 
15 out of the cannula through the inner tubular lumen of 
the double lumen cannula apparatus. 

The prior art double lumen cannula apparatus 
typically has two principal problems. First, the 
distance between the end of the inner tubular lumen 

20 and the tip of the cannular sheath is not controlled 
with any high degree of precision. Most double lumen 
cannula apparatuses have a support body through which 
the inner tubular lumen and a conduit for anticoag- 
ulant material are passed. The cannula sheath, which 

25 normally has a funnel portion at one end and a tubular 
portion at the other end, is mated in conical press fit 
against the body so that the inner tubular lumen is 
coaxially within the tubular portion of the cannula 
sheath. Any variations in the length of the cannula 

30 sheath and/or of the inner tubular lumen or of the 

coaxial press fit between the cannular sheath and body 
can cause a variation in the distance between the end 
of the inner lumen and the tip of the cannula sheath. 
If this distance is undersirably short, some of the 

35 anticoagulant material from the annular lumen un- 
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desirably enters the blood vessel of the patient or 
animal. There could also be inadequate dilution of 
the blood sample by the anticoagulant material. This 
would cause false readings when the diluted blood 
5 sample is analyzed. If the distance is undesirably 
long, some of the blood may start to coagulate in the 
cannula sheath before it contacts the anticoagulant 
material. 

When the cannula sheath mates against a support 

10 body, any variation in the final position of the mated 
parts from the desired position can cause an undesir- 
able distance variation. Since the cannula sheath 
generally mates in a conical press fit over an ex- 
tension of the main support body in most prior art 

15 apparatus, there is often considerable, variation in 
the final position. This is caused both by tolerance 
in the tapers of the sheath and body and also by 
variations in the manual pressure employed to mate the 
sheath against the body. Prior art apparatus often 

20 employs a resilient material for the support body and 
its extension. The resiliency of this structural 
element can also cause undesirable dimensional varia- 
tions in the assembled apparatus. 

A second disadvantage of prior art apparatus is 

25 in the excessive volume of the introduction chamber 
for the anticoagulant material. In typical double 
lumen cannula apparatus the space in the funnel 
portion of the cannula sheath between the support body 
and the junction between the funnel and the tubular 

30 portion of the cannula sheath forms an introduction 

chamber for such material. In normal use, the cannula 
sheath is first inserted into the blood vessel. Blood 
begins to flow through the tubular portion and into 
the funnnel section of the cannular sheath. The 

35 catheter portion consisting of a support body, a first 
conduit forming an inner tubular lumen and a second 
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conduit to provide the anticoagulant material is then 
inserted into the cannula sheath with the cannula 
sheath mating against the support body. The volume of 
blood initially in the cannula sheath and especially 
5 in the funnel portion occupies a space intended for 
.introduction of the anticoagulant material and should 
be minimized to prevent slow response to changes in 
concentration of an analyte in the blood, as would 
occur with a large mixing chamber or other on line 
10 "dead volume" space. In addition, this volume has 
considerable variation in prior art apparatus. More- 
over, movement of an inner lumen relative to an outer 
lumen can change flow rates in many prior art devices. 
With the development of the double lumen cannula 
15 apparatus for blood sampling as set forth in U.S. 
Letters Patent No. 4,069,814, improved control over 
the dilution of a blood sample with anticoagulant 
material was achieved. Nevertheless, this catheter 
cannot be used effectively in situations requiring 
20 access to large, deep vessels , particularly in cases 
where small surface veins only are available. In 
these cases, it is necessary to use a longer catheter 
such that a deep vein can be accessed. Moreover, in 
some situations it is necessary to leave the catheter 
25 in for a long period of time and in those situations 
it is also advantageous to use a larger, deeper vein. 

If one utilizes double bore tubing to achieve a 
long indwelling catheter, the diluent being pumped 
through one bore and the blood being pumped through 
30 the other bore, it is found that the diluent spills 
into the blood stream and reliably diluted blood 
samples cannot be obtained. If one restricts the 
opening beyond the tip the situation is improved, but 
the resulting device is still unsuitable for reliable 
35 use. Pulsations caused by the pumping means used will 
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still cause periodic loss of diluent through the end 
opening. 

There is also a need for a double lumen catheter 
which can be used as effectively in an upright posi- 
tion as in an inverted position, i.e., a catheter 
5 which is not position sensitive and, therefore, which 
does not change its flow rate with each change in the 
position of the patient. 

Summary Of The Invention 

In accordance with the present invention, a long 

10 indwelling double bore catheter for dilution and 

sampling of blood from a human patient or an experi- 
mental animal on a continuing basis for long periods 
of time is achieved. The long indwelling double bore 
catheter can be inserted in either an upright or 

15 inverted position without restriction of flow or 

spilling anticoagulant material into the blood stream. 

Proper mixing of the anticoagulant material and 
the blood samples is achieved by a small mixing 
chamber located at the distal end of the double bores 

20 of the catheter, wherein the mixing chamber has an 
opening of a cross-sectional area equal to or. less 
than the combined cross sectional areas of the double 
bores, said opening communicating with the body fluid, 
e.g., blood, to be sampled, and wherein the distance 

25 of the mixing chamber from the distal end of the 

double bores to the end of the catheter is equal to or 
greater than 2 millimeters. Preferably, the volume of 
the mixing chamber is between about 3 and about 9 x 10" 
cubic inches. Preferably, the opening which communi- 

30 cates with the body fluid is a noncircular elongated 
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opening which is equal to or less than twice the com- 
bined cross sectional areas of the double bores. 

Brief Description Of The Drawings 

Other and further objects , advantages and fea- 
5 tures of the invention will be apparent to those 
skilled in the art from the following detailed des- 
cription thereof, taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a partial cross -sectional view of one 
10 illustrative embodiment of a long indwelling double 
bore catheter of the present invention. 

Fig. la is an enlarged view, in cross-section, of 
the distal end of the catheter of Fig. 1. 

Fig. 2 represents an end view of the long in- 
15 dwelling double bore catheter of Fig. 1, taken along 
lines 2-2. 

Figs. 3-5 are partial cross-sectional views of 
alternative embodiments. 

Description Of The Invention 

20 Referring to the drawings, the long indwelling 

double bore catheter 10 has a casing 12 surrounding 
double bore tubing 14 and 15 and flexible tubing 16 
and 17 which interconnects with bores 18 and 19, 
respectively. 

25 Bores 18 and 19 terminate at the distal end in a 

mixing chamber 20 opposite the side of the mixing 
chamber which communicates with fluid, e.g., blood, to 
be sampled. The opening 22 (Fig. 2) of mixing chamber 
20 which communicates with blood to be sampled is a 
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noncircular elongated opening having a cross-sectional 
area equal to or less than two times (2x) the combined 
cross-sectional areas of bores 18 and 19. The outer 
wall 23 of mixing chamber 20 also forms the outer wall 
5 of bores 18 and 19. • 

The preferred configuration of opening 22 is 
rectangular with rounded corners (or flattened ellip- 
soidal) and departs significantly from a circular 
opening of diameter sufficient to encompass the double 
10 bores. While any noncircular elongated opening is 
suitable, such that the appropriate configuration of 
the mixing chamber is maintained, the major axis of 
the noncircular opening should be approximately twice 
• the minor axis. 

15 The configuration of the present invention per- 

mits the double bore catheter and mixing chamber to be 
manufactured as one piece from double bore flexible 
tubing. The fact that the double bore catheter can be 
formed as one piece represents a significant advantage 

20 over prior art catheters which require that the tip be 
fabricated from a separate piece and attached to 
double bore tubing which then in turn is attached to 
flexible tubing. Not only does the latter design 
complicate manufacturing procedures, but, more im- 

25 portantly, there is always the associated potential 
problem that the tip of the catheter could eventually 
come off during use. 

The diameter of bores 18 and 19 can be the same 
or different ranging from about 0.012 inch to 0.016 

30 inch. The depth of the mixing chamber 20 is typically 
between 2 and 3 mm and the width of opening 22, and 
hence mixing chamber 20, is typically 0.02 inch. The 
height of opening 22 and mixing chamber 20 is typically 
about 0.04 inch. 

35 Thus, mixing chamber 20 takes on the configura- 

tion of opening 22 in Figs. 1, la, and 2. The distance 
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of the mixing chamber from the distal end of the 
double bores to the end of the catheter is equal to or 
greater than 2 millimeters (mm) . The volume of the 
mixing chamber is kept small by this configuration to 
5 a volume between about 3 and about 9 x 10~ 5 cubic 

inches (cu. in.)- If ° ne were to deform opening 22 to 
a more circular shape, the cross-sectional area would 
be increased and consequently the device would no 
longer operate as intended, since diluent would be 

10 lost from opening 22. For example, if mixing chamber 
20 is made to have a circular opening with a diameter 
of .040 inch the double bore catheter will not func- 
* tion properly- Instead it will spill diluent into the 
blood stream. If, however, opening 22 has a major 

15 axis of .040 inch with a minor axis of .020 inch the 
long indwelling double bore catheter will work pro- 
perly. 

The length of the catheter can be varied but 
should ideally be kept within approximately 6 feet 

20 to insure adequate response time during continuous 
measurements of sampled analytes. 

Flexible tubing 16 and 17 connect to appropriate 
instrumentation, such as a suction pump (not shown), 
for the pumping of a diluent through flexible tubing 

25 16 and bore 18 into mixing chamber 20 and the removal 
of blood through bore 19 and flexible tubing 17 to 
analyzing apparatus (not shown) , which is situated at 
a known distance from the catheter and connected 
thereto via appropriate manifolding. Typically, 

30 peristaltic pump tubing is attached to the catheter as 
part of the fabrication process or may be attached 
thereafter when the catheter is put into use. 

Casing 12 and outerwall 23 can be fabricated from 
any satisfactory material, including well known organo 

35 plastic materials. Flexible tubing 16 and 17 can also 
be fabricating from any satisfactory material. Typi- 
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cally, the flexible tubing is polyvinyl chloride or 
poly tetraf luoroethylene . 

As illustrated, particularly in Fig. la, a di- 
luent containing a substance inhibiting coagulation, 
5 such as heparin, is introduced through bore 18 into 
mixing chamber 20 where it mixes (in a manner illus- 
trated at 25) with blood entering through opening 22 
and is then returned to analyzing equipment (not 
shown) through bore 19 and flexible tubing 17. If a 

10 pump is used for delivery of diluent, it is adjusted 
so that its output rate is slightly less than that of 
the liquid being passed through bore 19 and flexible 
tube 17. Mixing is limited to mixing chamber 20. 
Typical flow rates are 0.043 milliliters per minute 

15 (ml/min) diluent pumped into the catheter; 0.076 

ml/min diluent blood leaving the catheter; and 0.033 
ml/min whole blood entering the catheter. 

Fig. 3 illustrates an alternative embodiment 
which comprises a tip 30 which is ultrasonically fused 

20 or solvent bonded to double bore 18* and 19' to form 
mixing chamber 32. Opening 34 is circular in shape 
and is equal to or less than the combined cross- 
sectional area of bores 18 1 and 19 The distance of 
mixing chamber 32 from the distal end of bores 18 1 and 

25 19' to the end of tip 30 is equal to or greater than 2 
millimeters and the volume of mixing chamber 32 is 
between about 3 and about 9 x 10"^ cu. in. 

Fig. 4 illustrates still another alternative 
embodiment in which mixing chamber 40 is formed by 

30 attaching tip 42 to the distal end of bores 18' and 
19'.. Mixing chamber 40 connects with circular opening 
44 at one side and bore 18' and passage 46 at the 
other end. Passage 46 interconnects with bore 19' for 
the passage of blood to analyzing equipment (not 

35 shown). The dimensions of opening 44 and mixing 
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chamber 40 are similar to those for opening 34 and 
mixing chamber 32 in Fig. 3. 

Fig. 5 illustrates still another embodiment 
comprising a tip 50 fused or bonded in a fluid tight 
5 seal to the distal end of bore 18' and 19'. This 
embodiment has an opening 52 which is circular in 
configuration and which permits blood to enter mixing 
chamber 54 where it mixes with the anticoagulant 
mixture. The dimensions of opening 52 and mixing 

10 chamber 54 are substantially identical to those for 
opening 34 and mixing chamber 32 in Fig. 3. 

From the foregoing, it will be seen that this 
invention is well adapted to attain all of the ends 
and objects hereinabove set forth, together with other 

15 advantages which are obvious and which are inherent to 
the system. The apparatus of the present invention 
has the advantages of convenience, simplicity, rela- 
tive inexpensiveness , dimensional stability, effec- 
tiveness, durability, accuracy and directness of 

20 action. The invention substantially overcomes the 
problems associated with the prior art in that it can 
be used as a long indwelling catheter, it is not 
position sensitive, it achieves desired mixing of 
anticoagulant material with blood and it prevents the 

25 flow of anticoagulant material into the blood stream. 
These objectives are achieved while maintaining small, 
easily manufactured construction features. 

While the ideal volume of the mixing chambers is 
between about 3 and about 9 x 10"^ cu. in. it is to be 

30 understood that mixing chambers having volumes less 
than 3 x 10"^ cu. in. can be employed as well as 
mixing chambers having volumes greater than 9 x 10~"* 
cu. in. However, if the mixing chanber is less than 
3 x 10~"* cu. in. there is a risk that incomplete 

35 mixing will occur and if the mixing chamber is greater 
than 9 x 10"^ cu. in. the response time may be too 
long. 
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Obviously, many other modifications and varia- 
tions of the invention as hereinbefore set forth may 
be made without departing from the spirit and scope 
thereof . 
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WHAT IS CLAIMED IS : 

1. A long Indwelling double bore catheter for di- 
lution and sampling of body fluid on a continuing 
basis for a long period of time, said double bore 

5 catheter being characterized by a small mixing chamber 
located .at the distal end of the double bores, wherein 
the mixing chamber has an opening which communicates 
with the body fluid to be sampled, said opening having 
a cross -sectional area equal to or less than the com- 
10 bined cross -sectional areas of the double bores, and 
wherein the distance of the mixing chamber from the 
distal end of the double bores to the end of the 
catheter is equal to or greater than 2 millimeters. 

2. The long indwelling double bore catheter of claim 

15 1 wherein the volume of said mixing chamber is between 

-4 -3 3 

about 5.10 and about 1.5-10 J cm. 

3. The long indwelling double bore catheter of 
claim 1 in which the body fluid sampled is blood. 

4. The long indwelling double bore catheter of claim 
20 1 in which the bores have different diameters. 

5. The long indwelling double bore catheter of claim 
1 in which the opening to the small mixing chamber 
which communicates with the body fluid to be sampled 
is an elongated, noncircular opening having a cross - 

25 sectional area equal to or less than twice the com- 
bined cross -sectional areas of the double bores. 

6. The long indwelling double bore catheter of claim 
1 in which the opening to the small mixing chamber 
which communicates the body fluid to be sampled is a 

30 circular opening. 
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